Environmental and lifestyle factors that affect oxidative stress and inflammation may influence telomere length (TL). There are limited data to relate the effect of dietary components on TL. The present study examined the association between food groups and TL in a sample of elderly Chinese. In a sample of 2006 Chinese (976 men and 1030 women) aged 65 years and over, TL was measured by quantitative real-time PCR and daily intake of food groups was assessed by a validated FFQ. Linear regression and analysis of covariance were used to examine the association between food group intake and TL, with adjustment for demographic and lifestyle factors. In men, only Chinese tea consumption was significantly associated with TL after adjustment for demographics and lifestyle factors (P¼0·002). Mean difference in TL for those in the highest quartile of Chinese tea consumption (.3 cups/d or .750 ml/d) as compared with those in the lowest quartile of Chinese tea consumption (# 0·28 cups/d or #70 ml/d) was 0·46 kb, corresponding to approximately a difference of 5 years of life. In women, intake of fats and oils was borderline and negatively associated with TL after adjustment for demographic and lifestyle factors (P¼0·037). In conclusion, Chinese tea consumption was positively associated with TL in elderly Chinese men.
Telomeres are repeats of DNA sequences located at the end of chromosomes in eukaryotic cells (1) . They are critical in maintaining chromosome stability, preventing fusion and atypical recombination, and are essential for cell division (2) . Telomere shortening, which is sensitive to cell division rates and the level of oxidative stress, has been associated with CHD, hypertension, dementia, obesity, insulin resistance, cigarette smoking, and bone mineral density (3 -6) . The underlying cellular basis for the associations has also been studied in cardiac myocyte, smooth muscle and endothelial cells (7, 8) . These studies gave rise to the concept of telomere shortening as an ageing biomarker or biochronometer, in that it is a marker of cell senescence and likely represents cumulative oxidative or inflammatory stress (6, 9, 10) resulting in tissue functional attenuation.
Although genetics play an important role in determining telomere length (TL) (11, 12) , environmental and lifestyle factors such as smoking (13) , physical activity (5) and life stress (14) , which affect oxidative stress and inflammation, may influence the rate of cell turnover, which, in turn, may influence telomere shortening. There are, however, limited data to relate the effect of dietary components on telomere shortening. Numerous studies have shown that diet rich in fruits, vegetables, whole grains, soya and green tea was associated with reduced mortality from chronic diseases (15 -18) .
Higher consumption of whole grains, fruits, vegetables, legumes, nuts and fish was also associated with lower concentrations of biomarkers of inflammation (19, 20) . It is therefore possible to speculate that dietary components associated with oxidative stress and inflammation may influence TL. A recent study has examined the associations between TL and dietary patterns and food groups in a group of white, black and Hispanic adults (21) . The study reported an inverse association between processed meat intake and TL, whereas no association was observed for other food groups. To our knowledge, no further studies have reported the association between diet and TL in the literature.
In view of the differences in diet pattern among Chinese and other populations (22, 23) , the present study examined the association between food groups and TL in a sample of Chinese aged 65 years and over.
Subjects and methods

Study population
About 2000 men and 2000 women aged 65 years and over living in the community participated in a health survey between 2001 and 2003. They were invited to attend a health check carried out in the School of Public Health of the Chinese University of Hong Kong, by placing recruitment notices in community centres for the elderly and housing estates. Several talks were also given at these centres explaining the purpose, procedures and investigations to be carried out. Subjects were volunteers, and the aim was to recruit a stratified sample so that approximately 33 % would be in each of these age groups: 65 -69, 70 -74, 75 þ . The present study was conducted according to the guidelines laid down in the Declaration of Helsinki, and all procedures involving human subjects were approved by the Clinical Research Ethics Committee of the Chinese University of Hong Kong. Written informed consent was obtained from all subjects. The present study includes data from 976 men and 1030 women (50·2 % all subjects) for whom TL and diet data were available.
Anthropometric measurement and dietary assessment
Information was collected regarding education, history of chronic diseases including heart diseases, diabetes and hypertension, smoking habit, alcohol use, physical activity and dietary intake. Physical activity was assessed by the Physical Activity Scale for the Elderly (24) . Dietary intake was assessed using a FFQ, and mean nutrient quantitation per day was calculated using food tables derived from McCance and Widdowson (25) and the Chinese Medical Sciences Institute (26) . The FFQ had been validated with the BMR calculation and the 24 h sodium/creatinine and potassium/creatinine analysis (27) . In the present study, we included thirteen food groups from the FFQ in the analysis. The food groups included cereals; meats and poultry; egg and egg products; fish; milk and milk products; fruits and dried fruits; vegetables; legumes/nuts/seeds; pickled vegetables; dim sum; fast food; fats and oils for cooking; and Chinese tea. Each subject was asked to complete the questionnaire -the food item, the size of each portion, the number of times of consumption each day and each week. Portion size was explained to subjects using a catalogue of pictures of individual food portions. The amount of cooking oil was estimated according to the method of preparing different foods: 0·2 tablespoon for steaming fish or stir frying half a portion of vegetables, and one tablespoon for stir frying one portion of vegetables or one portion of meat. For food items consumed less than once per week, information was obtained for consumption pattern over 1 year and the quantitation per day or week adjusted accordingly. To assess Chinese tea consumption, Chinese tea was included as one of the food items in the validated FFQ. Similar to the assessment of other food groups described above, subject was asked about the consumption frequency of Chinese tea over the past year, such as never, a few times per year, once per week, every day etc. Subject was then asked to quantify the average cup(s) of Chinese tea drank per time, using 250 ml as one cup portion.
Body weight was measured to the nearest 0·1 kg with subjects wearing a light gown, by the Physician Balance Beam Scale (Healthometer, Chicago, IL, USA). Height was measured to the nearest 0·1 cm by the Holtain Harpenden stadiometer (Holtain Ltd, Crosswell, UK). BMI was calculated as body weight in kg/(height in m 2 ).
Telomere length measurement in leukocytes by quantitative real-time PCR
The principle of the laboratory method has been previously described (28) . In short, DNA was extracted in the peripheral blood by phenol -chloroform method and stored at 2808C with concentration . 100 ng/ml (whereas working samples of 20 ng/ml were prepared before analysis). TL measurement followed the method published by Cawthon (29) with modification (30) . Unlike the traditional method using terminal restriction fragment (TRF) analysis, this method used the technique of quantitative real-time PCR, which has the advantage of high throughput, time-saving and reproducible estimation of TL (29,31 -33) . Roche LightCycler 480 (Roche, Mannheim, Germany) was used to perform the quantitative real-time PCR with primer sequences obtained from Cawthon (29) . The T/S ratio (C t (telomere assay) /C t (single copy gene assay) ) was used to assess the relative length of telomere, while C t is the fractional cycle number for a threshold fluorescence level to be reached during quantitative real-time PCR. The T/S ratio (DDC t ) was then plotted against a standard calibration curve using samples with pre-determined TL to obtain the TL in unit of kilobps (kb). The percentage of CV of the C t measurements of the telomere and the single copy gene probes was 3·6 and 1·8 %, respectively. Two control samples were analysed in duplicates in each batch of assays, one sample was collected from a volunteers of age of 20s representing a long telomere control (long QC, by TRF ¼ 11·6 kb) and another one from an elderly subject representing a short telomere control (short QC, by TRF ¼ 8·2 kb). Within-batch and between-batch analytical imprecisions were determined from over twenty batches of assays using these two samples. The within-batch and between-batch percentage of CV of DDC t were 11·9 and 11·2 % for the long QC sample. For the short QC sample, they were 8·1 and 14·2 %, respectively.
A calibration curve was drawn by using DDC t values obtained from five different samples of pre-determined TL by TRF method. The coefficient of determination (R 2 ) of the linear correlation between TL by TRF method and DDC t was 0·63, which was similar to that reported (R 2 0·68) in the original description of the DDC t method by Cawthon (29) . Calibration to TL in kb was carried out independently for each batch, which in a way partially corrected for between-batch variation in determination of DDC t and TL. After calibration to TL in kb, the within-batch and betweenbatch percentage of CV of TL were 8·5 and 7·5 % for the long QC sample. For the short QC sample, they were 6·3 and 6·1 %, respectively. A reduction in between-batch percentage of CV was noted, which reflected a partial correction of the between-batch variation in the calibration process.
Statistical analysis
Data analysis was performed using SAS version 9.1 (SAS Institute, Inc., Cary, NC, USA). Normality of the data was checked by histograms and variables were log transformed if required. Subjects' demographic and lifestyle characteristics were divided into categories to show frequency distributions whenever appropriate. ANOVA or independent t test was used to compare the average TL across categories of demographic and lifestyle characteristics. Linear regression was used to examine the association of TL and food group intake.
Unadjusted and multivariable models were used to examine the associations between TL and per 1 SD unit increase in food group intake. Multivariable model was adjusted for age (in years, continuous), BMI (in kg/m 2 , continuous), energy intake (in kJ/d, continuous), education (below secondary, secondary or above), current drinker (yes or no), current smoker (yes or no), pack years of smoking (continuous), Physical Activity Scale for the Elderly (continuous), medical history of heart diseases (yes or no), diabetes (yes or no) and hypertension (yes or no). Significant associations were further characterised by calculating adjusted mean TL across categories of food group intake using analysis of covariance. Interactions between sex and food group intake were tested with cross product terms. Statistical tests were considered significant if P, 0·05 (two sided).
Results
Measurement of TL was carried out in 2006 subjects (976 men and 1030 women). There were no significant differences in demographic and lifestyle characteristics between those included in the present study (n 2006) and those not included in the present study (n 1994) (data not shown). For those included in the present study, their characteristics are shown in Table 1 . Mean age was 72·8 (SD 5·0) years for men and 72·0 (SD 5·2) years for women. In men, older age tended to show shorter TL, but the difference in TL across age groups did not reach statistical significance (P¼0·116). Those had history of heart disease showed shorter TL than those did not (P¼ 0·034). In women, average TL did not differ significantly across different categories of demographic and lifestyle characteristics.
In men, only Chinese tea consumption was significantly associated with TL after multivariable adjustment (P¼0·002; Table 2 ). No association was detected between other food groups and TL in the multivariable models. In women, only intake of fats and oils was negatively associated with TL after adjustment for demographic and lifestyle factors (P¼0·033).
When consumption of Chinese tea was divided into quartiles in men, mean TL was highest in those subjects in the highest quartiles of Chinese tea consumption (Table 3) . Mean difference in TL for those in the highest quartile of Chinese tea consumption (. 3 cups/d or . 750 ml/d) as compared with those in the lowest quartile of Chinese tea consumption (# 0·28 cups/d or # 70 ml/d) was 0·46 kb, corresponding to approximately a difference of 5 years of life (34) . The association remained significant after full adjustment for demographic characteristics, lifestyle factors and medical history (P, 0·001). In women, mean TL was lowest in those subjects in the highest quartiles of cooking fats and oils intake ( Table 4 ). The association was only statistically significant after adjustment for demographic characteristics, lifestyle factors and medical history (P¼0·037).
Discussion
Diet rich in fruits, vegetables, whole grains, soya and green tea was associated with reduced mortality from chronic diseases (15 -18) and lower concentrations of biomarkers of inflammation (19, 20) . It is thus speculated that dietary components associated with oxidative stress and inflammation may influence TL. A recent study has reported an inverse association between processed meat intake and TL, whereas no association was observed for other diet features with TL (21) . In the present study, of all food groups examined, only Chinese tea consumption was positively associated with TL and the association was only observed in men, whereas in women, intake of fats and oils was borderline and negatively associated with TL.
Beneficial effects of tea on health are extensively reviewed (35, 36) . There are three major types of tea, depending on the level of fermentation. They are green (unfermented), 
PASE, Physical Activity Scale for the Elderly. * Log transformed for linear regression. † Adjusted for age (in years, continuous), BMI (in kg/m 2 , continuous), energy intake (in kJ/d, continuous), education (below secondary, secondary or above), current drinker (yes or no), current smoker (yes or no), cigarette pack years (log transformed, continuous), PASE (continuous), medical history of heart disease (yes or no), diabetes (yes or no) and hypertension (yes or no).
oolong (partially fermented) and black (fermented) tea (35) . Both green and oolong teas are popular for Chinese population. In the present study, a positive association was observed between TL and Chinese tea consumption. The result was consistent with studies showing reduced risk of cancer (36) , diabetes (38, 39) , CVD (37) and mortality (38) , and reduced level of inflammatory markers (39) . The antioxidative properties of tea and its constituent nutrients may protect telomeres from oxidative damage in the normal ageing process. Tea is rich in polyphenols and contains carotenoids, tocopherols, ascorbic acid, minerals and certain phytochemical compounds (35, 40) . These constituents have been suggested to work against oxidative damage in several ways, including scavenging harmful reactive nitrogen and oxygen species, acting as metal chelators and inhibiting lipoxygenase, cyclooxygenase and xanthine oxidase enzymes (35, 41, 42) . Although some studies suggested that subjects with high tea consumption were prone to have healthier lifestyle (43, 44) , we tried to control for all possible confounding factors in the analyses. The positive association between TL and Chinese tea consumption in men remained significant in the multivariable model, and it was unlikely that the significant association observed in men was due to chance. In contrast, there were some possibilities to explain the lack of association between tea consumption and TL in women; for example, the differences in demographic and lifestyle characteristics between men and women, such as education, smoking status and alcohol use. There was also no adjustment for psychosocial stress or socioeconomic factors such as income or occupation level before retirement in the present study. These factors have been associated with TL in previous studies (14, 45) and may be associated with dietary factors and therefore could be confounders. Moreover, the hormonal differences between men and women, and the somatic cell selection primarily be apparent in older women, may provide a survival advantage and a greater resistance to oxidative stress by telomeres in women (46) . Therefore, the diet impact on TL may be less pronounced in women than in men.
In the present study, a significant and inverse association between intake of fats and oils and TL was observed in , continuous), energy intake (in kJ/d, continuous), education (below secondary, secondary or above), current drinker (yes or no), current smoker (yes or no), cigarette pack years (log transformed, continuous), Physical Activity Scale for the Elderly (continuous), medical history of heart disease (yes or no), diabetes (yes or no) and hypertension (yes or no). (47) . Previous studies have suggested that stir-fry not only destroys nutrient values of vegetables (48) , but also gives rise to a wide variety of mutagenic substances that are carcinogenic (49, 50) . Epidemiological studies also reported that high temperature cooking was associated with elevated risk of cancer (51, 52) .
No association between TL and other well-known factors such as age and smoking was observed in the present study. The result was different from previous studies (13, 21) . However, many factors should be considered in the comparison between the present and previous studies. Firstly, the mean age of this sample was approximately 72 years, compared with the age range of 18 -76 years for women in one study (13) and 45-84 years for men and women in the other (21) . In examining association between TL and age, large number of subjects over a wide age range would be preferable. Our sample did not include young or middle-age subjects. Secondly, an overall of 7·2 % of this sample (12·4 % in men and 2·2 % in women) was current smoker, compared with 18·4 % for women in one study (13) and a range of 9·9 -13·3 % for men and women in the other study (21) . The small proportion of current smoker in our sample may also explain the lack of association between TL and smoking.
There are limitations in the present study. The data are cross-sectional in nature and TL at a single point in time may not reflect telomere attrition, which is the construct of great interest. Inter-individual differences in TL are present at birth; thus, changes in TL over time may not mirror cross-sectional differences in absolute TL, even if age adjusted (53) . In addition, we agree with the presence of heterogeneity in TL among different white cell populations. However, blood samples of the present study cohorts were collected from healthy elderly, and at the time of collection they did not suffer from any acute illness. Therefore, it could be assumed that they had steady cell counts of the leucocyte populations. The measurement only reflects the mean TL rather than specific length for particular leucocyte population. Furthermore, the same method of measurement of TL in the mixed white cells population had been used in many other studies and found to be correlated with biological parameters (54 -56) . The reliance on self-report of health conditions may be another limitation in the present study. The cross-sectional design of the present study may also lead to survival bias. Those with diseases (and likely shorter TL) may have died earlier, so that the survivors may have relatively longer TL (57) . Therefore, fewer associations with diseases or lifestyle factors may be observed. Furthermore, data obtained at one time point regarding environmental factors that are related to chronic inflammatory or oxidative stress may not be an accurate reflection of life course factors or cumulative stress.
In conclusion, the present cross-sectional study showed that Chinese tea consumption was positively associated with TL in elderly Chinese men. Intake of fats and oils may be associated with TL in elderly Chinese women. However, the underlying mechanisms by which tea and its constituent nutrients affect TL, and the interplay of diet constituents, choice of cooking methods and other lifestyle factors on TL remain to be determined in future prospective studies and clinical trials.
